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Introduction
BN Ori (HD 245465, BD+06 • 971) is an emission-line star about 3 • South-East to the λ Ori cluster and probably connected to the star-formation region RSF1 in the Orion B complex by a dark lane of dust. A detailed review of the star's properties and the observational history up to 1989 has been given by Shevchenko (1989) . Because redsensitive photographic plates for astronomical use did not become widely available until the fifties, the (Hα) emission character of BN Ori during the first half of the century cannot be ascertained at present. Nevertheless, before 1947 the star had several characteristics of the class which is presently known as the Herbig Ae stars: spectral type A7 (Cannon 1931 ) and, similar to T Ori (Beyer 1937) , strong and irregular variations in brightness and colour, characteristic for the variability of circumstellar dust extinction. Around 1947 its variability character changed ( Fig. 1) : the amplitude of the large brightness-variations decreased and, after a large-scale rise of ∼0. m 5 during the next 6 months, the brightness slowly decreased until it settled down at V J ≈9. m 6 around 1965. Since then the brightness remained at this level, apart from a small and short variation in 1991. The photometric history and the photometric observations made during the last decade are summarised in Sect. 2. Shevchenko (1989) was the first to discuss the possibility to interpret the light curve of BN Ori after 1945 in terms of a process related to the large-scale lightvariations of classical FUORs. The phenomenon of FUOR (Herbig 1977) , although a prominent eruptive event of great intensity and duration, cannot be predicted nor explainded by the present evolution models (e.g. Palla & Stahler 1992 ) of pre-main-sequence stars. At the same time, more and more young non-stationary stars exhibiting high-amplitude eruptions can be considered as related to FUORs. Herbig (1977) selected a group of stars (EX Lup, UZ Tau and VY Tau) showing recurrent brightening with great intensity and duration and later labelled them "EXORs" by the name of its brightest member EX Lup. In the early sixties, DR Tau, the most active classical T Tauri star (CTTS), exhibited a progressive brightening lasting for more than 15 years (Götz 1980) . Some eruption related with those of FUORs were found from the light curves and the spectra of Z CMa (Hartmann et al. 1989) , V1331 Cyg and other stars which differ widely from classical FUORs.
The large-scale light curve of BN Ori as well as several spectral peculiarities indicate a certain similarity of the BN Ori properties with those of the FUORs. In this paper we first discuss the large-scale historical light curve of BN Ori (Sect. 2).
During the last decade we have obtained several highand low-resolution spectra of BN Ori in the visual and in the UV. A description of these spectra and a discussion of the peculiar spectral features is given in Sects. 4.2, 4.3 and 5. The analysis of the optical spectra reveals a noticeable thermal stratification of the envelope of BN Ori, which is similar to what has been deduced from the analysis of the spectra of classical FUORs on the descending branch of their light curves. In BN Ori the stratification is reflected by the different values for the full-width at half maximum (FW hereafter) for lines from different temperature regions in the envelope. This can be interpreted by differential rotation in a rotationally flattened envelope or disc. Another similarity with classical FUORs is the high windvelocity measured from the fast variable (on time-scale of 1 day or less) P-Cygni type Hα and Mg ii h&k profiles of BN Ori. This type of outflow can probably only be driven by strong magnetic fields, e.g. produced in the neighbourhood of an accretion-disc boundary layer. Nevertheless, there are also differences between the spectrum of BN Ori and those of classical FUORs. Such differences may not be surprising in view of the fact that BN Ori is more massive (∼2 M ) and is rotating much faster than the classical FUORs.
We suggest that BN Ori in its present phase is the result of FUOR type outburst in a strongly variable Herbig A6 − 7e star. A similar transition was observed in 1983 for the Herbig A7e star V351 Ori (HD 38238), which changed from a strongly variable phase into a nonvariable A7e phase (van den Ancker et al. 1996) , demonstrating that such phenomena are not exceptional for Herbig Ae stars. If this also happened with BN Ori, it becomes of interest to compare its spectral features with those of a Herbig A6 − 7e star as such a star might be similar to BN Ori before the FUOR outburst. We made a detailed comparison with the spectrum of HR 5999 (V856 Sco), a bright and strongly variable Herbig A5 − 7e star, which has been intensively studied during the last two decades (Bessell & Eggen 1972; Baade & Stahl 1989) . BN Ori has most lines in common with HR 5999, although the line-widths are partly different. However, it appears that the lines from the cool outer parts of the envelope (shell) are much fainter in BN Ori than in HR 5999, as is indicated by the smaller values of the equivalent widths (EW hereafter) listed in Table 8 . This is consistent with the remarkable absence of circumstellar components of the Na i D lines in the high-resolution spectra of BN Ori and the negligeable near-infrared excess (NIRE) and colour-excess in the spectral energy distribution (SED) of BN Ori. This comparison suggests that the FUOR outburst in BN Ori has removed its outer envelope almost completely, except for an optically-thin inner part where Hα is formed.
In Sect. 6 we summarise the similarities between the spectral features of BN Ori and those of the classical FUORs and the Herbig Ae stars. We also suggest a cause for the outburst in BN Ori, based on the mass-accretion rates of BN Ori, HR 5999 and BF Ori (A7e), which have been derived from the analysis of their low-resolution UVspectra taken with IUE (Blondel & Tjin A Djie 1994 .
Photometry

History
The variable character of BN Ori was detected by Cannon (1919) and since then the star has been monitored extensively both visually and photographically. Tsesevich made nearly 4000 m pg estimates of BN Ori from sky patrol photographic plate collections of the Harvard, Odessa, Sonneberg and Dushanbe observatories and constructed a light curve of m pg over the period 1898 − 1964 (Dragomiretskaya 1965; Tsesevich & Dragomiretskaya 1973) . Tsesevich & Dragomiretskaya (1973), and extended up to 1995 This light curve of BN Ori shows quiet periods with maximum brightness m pg ∼ 9. m 7, during which the brightness frequently decreases by at most 0. m 5, separated by episodes of roughly 12.5 years, during which the mean brightness dropped with 1 m or 2 m over 100 − 200 days or with 3 m over 20 − 50 days. Superposed on this longterm variability are rapid fluctuations with amplitude of 1. m 5 during about 10 days. It was already noted by Beyer (1937) and confirmed by Hoffmeister (1949) and Payne-Gaposhkina (1952) that the behaviour of BN Ori is reminiscent of that of the RW Aur variables T Ori and XY Per and we can extend the similarity now to other Herbig Ae stars with Algol-type minima such as BF Ori, UX Ori, WW Vul and HR 5999. In a discussion of the photometric variability of BN Ori, Dragomiretskaya (1965) concluded that the large amplitude-variations cannot be due to temperature differences on the stellar surface, since a dimming (1925), Beyer (1937) and Martinov (1951) , to derive the colour indices for a number of dates and the resulting colour-magnitude diagram shows that the strong variations of BN Ori follow a reddening-line similar to those followed by many Herbig Ae stars. Such a type of variation is usually ascribed to obscuration by variable amounts of circumstellar dust (Wenzel 1968; Wenzel et al. 1971) . For BN Ori the slope of the reddening-line was about 3, which is close to that of interstellar dust.
Tsesevich & Lange observed that BN Ori showed Algollike variations with a period of 27 days (Martinov 1951) .
From an analysis of quasi-periodic features during highactivity episodes in the light curve of BN Ori, Ishchenko (1982) detected a quasi-cyclic 18 − 22 day periodicity superimposed on a stochastical behaviour and attributed this periodicity to the rotation of obscuring circumstellar dust clouds. Figure 1 shows that the large-scale structure of the light curve changed around 1940: the amplitude of the strong variations decreased and the brightness maximium increased to m pg ≈ 9. m 2 in Dec'46. Since then the variations were gradually quenched from an amplitude of 0. m 4 to about 0. m 1 in 1966, while the maximum of the brightness-variations slowly decreased to m pg ∼ 10. m 1. In Sect. 6 we shall compare this behaviour with those of classical FUORs. After 1965 all observations have been made photoelectrically. Between 1965 and 1975 Zajtseva (1968 , Kolotilov & Zajtseva (1976) and Kolotilov et al. (1977) have made several observations of BN Ori on the UBV and JHKL photometric systems, but they did not detect a pronounced variation.
Photometry since 1976
The star has been observed regularly by various observers on several photometric systems (see Table 1 ). (Table 12 ). This was done in the course of the ROTOR (Research of Traces of Rotation) photometric program with a single-channel photometer mounted on the 60 cm Zeiss reflector and the 48 cm AZT 1 14 reflector (Kilyachkov & Shevchenko 1977) . This telescope is equipped with a simultaneous multicolour photometer. Any systematic effects due to nonsimultaneous measurements at the different passbands are therefore avoided. Since these observations have already been published (Sterken et al. 1993 (Sterken et al. , 1995 , they are not listed in this paper. 3. Photometric data on the Walraven W ULBV system were obtained during 3 observing runs in 1985 and 1986 with the Dutch Light Collector at ESO, La Silla.
Measuring and reduction procedures have been explained by Lub & Pel (1977) . During these observations the Walraven W ULBV − log 10 intensity values were measured simultaneously in the different passbands. The results of these measurements are listed in Table 2 , where the last column gives the corresponding magnitude on the Johnson system calculated with the formula suggested by Brand & Wouterloot (1988) . 4. Optical photometry of BN Ori, on the Johnson/Cousins UBV (RI) C system, has been obtained in 1986 and 1994 with the ESO 50 cm telescope at La Silla, in Nov'86 with the KPNO 90 cm telescope at Kitt Peak and on several occasions between 1984 and 1992 with the 40 cm telescope at the Dutch Astronomical Station at Ausserbinn (DASA), Switzerland. The results of these measurements are collected in Table 3 and the data of JD 2446747 were obtained simultaneously with the high-resolution IUE observation of BN Ori. 5. Since 1984 BN Ori has also been observed on the UBV (RI) C system by W. Herbst and collaborators in the course of a monitoring program at the "Van Vleck" observatory (private communication). 6. NIR photometric data on the ESO JHKL system (Bouchet et al. 1989 (Bouchet et al. , 1991 , of BN Ori were obtained in Feb'86 with the ESO 1 m telescope at La Silla. During these observations, the telescope was equipped with an InSb detector with a 15 diaphragm. Sky subtraction was achieved by chopping with a frequency of 8 Hz in the east-west direction with a throw of 30 amplitude. The results are given in Table 4 . After transformation of the data on the various systems to the Johnson magnitude V J and colour (B − V ) J we can hardly find any change in brightness and colour over these years. The average values are: V J = 9. m 65 ± 0. m 03 and (B − V ) J = 0. m 47 ± 0. m 02. Only on one occasion (Oct. 29 − Nov. 2, 1991) , the star seemed to dim by 0. m 5 (Kovalchuk 1991) . Because there are no data available for the 34 nights preceding Oct. 29 and for the 12 nights following Nov. 2, we can only state that the variation was limited to at most Cohen (1973) is indicated by the "upper" triangle (with error-bar). The L-band observation from Table 4 is indicated by the "lower" triangle (with upperlimit). The solid line is the Kurucz model of Teff = 7150 K, log g = 3.8 and solar abundance, normalised to the extinction-corrected V -band flux of BN Ori. The dotted lines are the observed-and extinction-corrected UV-fluxes 51 nights. The variation is along the reddening-line with slope 3, so that this event could have been due to infalling circumstellar dust which evaporated in the neighbourhood of the star.
Since 1976 we have obtained only two observations in the NIR (Table 4) , and in Fig. 2 we give a SED of BN Ori based on these data of Feb'86. After transformation of the magnitudes to fluxes and correction of these fluxes for foreground extinction with the law of Savage & Mathis (1979) and E(B − V ) = 0. m 07 (Sect. 4.3), the corrected SED could be fitted with a Kurucz (1991) model for T eff = 7150 K and log g = 3.8, corresponding to a spectral type of F0 iii -iv (Sect. 5) and an E(B − V ) = 0. m 17. From Fig. 2 we note that we get a good agreement in the visual and NIR wavelength ranges, but that there remains an excess in the UV. This excess will be explained (Sect. 5) in terms of the contribution from a (hot) boundary layer between the star and accretion-disc. If we compare our NIR data of 1986 with those obtained before 1977 (Glass & Penston 1974; Kolotilov et al. 1977 ) we note no difference in the H and K magnitudes. However, our Jband flux is somewhat larger than that of Kolotilov et al. and our L-band flux is significantly smaller than the one Cohen (1973; L ≈ 7. m 6) measured in 1971. The earlier attempts to match the SED (Kolotilov & Zajtseva 1976; Brown et al. 1986 ) were based on this higher L-band flux. No IRAS point-source was detected at the position of BN Ori, probably because the far-IR fluxes of the star are not higher than the background.
From the Walraven photometry (which has two passbands in the UV: W at 3236Å and U at 3623Å), we can get a measure of the magnitude of the Balmer discontinuity (D B ). The mean of the 9 observations of Dec'85 − Jan'86 gives D B = 0. m 80. This is a deficiency of 0. m 48 with respect to the prediction of the Kurucz (1991) model for T eff = 7200 K and log g = 3.5 which we take for the classification F0 iii (Sect. 5). If this is due to the contribution of recombination of H + free-bound transitions near the star, we can derive (Garrison 1978 ) that for a temperature of 10 4 K in this region the emission measure is 1.86 10 35 cm −5 . If we assume that this ionosphere is in hydrostatic equilibrium with a scale-height of 4 R we find within 2 R an electron density N e = 3.34 10 11 cm −3 .
For HR 5999 (A5 − 7 iii) we used the Walraven photometry to derive a D B equal to 1. m 23 which results in a deficiency of 0. m 20 when compared to a Kurucz (1991) model with T eff = 8000 K. This gives an emission measure of 6.0 10 35 cm −5 , which corresponds to N e = 5.6 10 11 cm −3 close to the star, so that N 2 e is 2.8 times the value found for BN Ori.
Imaging
In the two-dimensional CCD spectrograms, of Hα taken in Jan'95, weak nebular emission-lines were detected along the spatial direction of the CCD image, which Table 5 . Log of spectroscopic observations of BN Ori. Columns 8 to 10 denote the dispersion D (Å mm −1 ) the resolution R (Å pix −1 ) and the exposure time ∆t (min). The IUE imagenumbers are given in Col. 5 and the first digit denotes the used camera (1 = LWP, 3 = SWP) and LAP means large aperture. Observers: AB -A. Brown demonstrates that BN Ori is surrounded by a very faint emission (reflection) nebula. This is another property which BN Ori shares with the class of Herbig Ae/Be stars. Since these weak lines extended over the entire CCD frame, the diameter of this nebula must be larger than that covered by this frame (∼10 ). In order to get more insight in the morphology of this nebula, CCD images of BN Ori through Bessell U and V , Gunn z, and a narrowband (FW = 13.5Å, centered at 6558.88Å) Hα-filter (No. 674) were obtained in Feb'95 (de Winter 1995) with the Dutch 90 cm telescope at ESO. However, we did not detect nebulosity around BN Ori on any of these images, which may be caused by the fact that the bandwidth of the Hα-filter is still too large. In these cases the contribution from other surrounding wavelengths may be too high to permit imaging of the nebulosity in Hα.
Visual spectroscopy
History
The spectroscopic information on BN Ori from the period before 1960 is scarce. The first spectral classification of A7, was made by Cannon (1931) for the HDE catalogue, from objective prism spectra on plates exposed between 1925 and 1931. This classification was later confirmed by Parenago (1933) , Hoffmeister (1949) and Payne-Gaposhkina (1952) . Herbig (1954) estimated a type A5 − A7 from a low-dispersion slit spectrogram, but from an additional spectrum (D = 75Å mm −1 , taken on Mar. 6, 1955) , he noted that the spectrum of BN Ori is pecu-liar and that it may be composite with types A5 − A6 and mid-F9 (Herbig 1960a) . In 1968 Zajtseva (1971 took a number of blue-slit spectra (D = 140 − 250Å mm −1 ) from which she classified the spectrum of BN Ori as F0. A microphotometer tracing in that paper shows absorption lines near 4525, 5163 and 5265Å (identified by her as Fe i), Ca ii K and Mg ii at 4481Å. From the slope of the continuum between 6000 and 4000Å a spectrophotometric temperature of 9700 K was derived, which is consistent with spectral type A7 − A9. Photoelectric spectral scans in the range 6600 − 3200Å made in Jan'75 allowed Kolotilov & Zajtseva (1976) to determine the residual strengths of the Hγ, Hδ, Hε and Ca ii K lines, which led the authors to a classification F2 − F3. The only emission line in the visual spectrum of BN Ori is Hα. Between Jul'71 and Dec'75, 18 spectrograms of Hα (D = 20Å mm −1 , R = 1Å pix −1 ) were taken by Kolotilov & Zajtseva (1976) . The line profile of Hα in these spectra is double-peaked with an absorption trough at −50 km s −1 . Its blue emission-component varies strongly and has been observed to change into an absorption-component (with maximum velocity −600 km s −1 ) within 24. h
Low-dispersion spectra
Since 1983 we have obtained a number of high-and lowresolution spectra of BN Ori. The observational details are listed in Table 5 . We will compare the spectral information of BN Ori with that of FU Ori (Herbig 1966; Reipurth 1990 ) and that of the bright Herbig A5 − 7 iiie Table 6 . Identification, equivalent widths (Å), full widths at half maximum ( km s −1 ) and source (S) of the lines in the red part of the visual spectra of BN Ori, HR 5999 and FU Ori. See Table 10 for the description of the used symbols 
Blue spectra
Two low-dispersion blue spectra have been taken: one in 1983 at Mt. Maidanak and one in 1994 at ESO (Fig. 3) . From the strength of the Hγ, Hδ, Hε and Ca ii K lines and the presence of the G-band in the spectra we confirm the classification F2 − F3 by Kolotilov & Zajtseva (1976) .
However, some additional lines, such as the strong Ca i 4227Å line, may point to a later type, e.g. F3 − F5. These blue spectra again show many absorption lines, among which the Fe ii multiplet 42, the G-band, the Na i D doublet and the Ba ii (6497Å) and Li i (6708Å) lines which are also conspicious lines in FUOR spectra (Reipurth 1990 ). The EW of the Li i line is comparable (Table 6) with that of Li i in the spectrum of FU Ori (Herbig 1965 ). The red emission-component of Hα is stronger than the blue one, in contrast with the Hα-profile in the lowdispersion IDS spectrum of 1986, which shows roughly equal red and blue emission-components.
Red spectra
Two low-dispersion spectra in the far-red wavelength range have been secured by us: one in 1983 at Mt. Maidanak and one in 1992 at ESO. Figure 4 shows part of the spectrum obtained at ESO and Table 6 lists the EWs and FWs of the most important lines in this spectrum and in those of FU Ori (Shanin 1979) and HR 5999 (Tjin A Djie et al. 1989) . Figure 4 shows the Ca ii (2) IRtriplet (8498, 8542 and 8662Å) in absorption, which is blended with the Paschen absorption lines P16, P15 and P13, respectively. We have used the method of Bychkov et al. (1978) to make a spectral classification from the EWs of the blends of the Ca ii (2) IR-triplet and the EW of the unblended P14. In the assumption that none of Fig. 4 . Part of the low-dispersion red spectrum of BN Ori, taken with the ESO 1.5 m telescope in Dec'92, with the most prominent lines identified these lines are filled-in by emission one can derive a lower limit for the effective temperature or the spectral type of the region of formation of these lines. From Table 6 we find for BN Ori an EW ratio of ∼12, which points to a spectral type around G5. With the same method Shanin (1979) classified FU Ori as a K0 star. A reticon spectrum of HR 5999 in the same spectral region gives us an EW ratio of 3.1, which indicates a spectral type around A5. High-resolution observations of only the 8498 and 8542Å lines (Hamann & Persson 1992) show the unblended profiles with indications for some fillingin by emission. After correction for emission the EWs would be somewhat larger, which could move the spectral type of HR 5999 to a slightly later type, e.g. A7. Similar (unknown) emission corrections to the Ca ii (2) IR-triplet for BN Ori and FU Ori could shift their classifications to types later than G5 and K0 respectively. In the far-red spectrum we also observed the two O i IR-triplets around 7774 and 8446Å (blended with P18 at 8438Å). The EWs of these lines can be compared with those of standard stars of well-known spectral class (Slettebak 1986; Figs. 2 and 3, Faraggiana et al. 1988 ). High-resolution profiles of these lines for HR 5999 have been given by Felenbok et al. (1988) and by Hamann & Persson (1992) . The EW, measured from the best profile of the O i (1) IRtriplet is 1.38Å, which according to Slettebak (1986; Fig. 2) is consistent with A2 − A7 iiish. A correction for the emission-component would not change this conclusion. The EW of this (unblended) triplet for BN Ori is 0.22Å, which would classify the star as F6 − G0, unless the contribution by emission is very large. A comparison of the EW of the blended O i (4) IR-triplet for HR 5999 with Fig. 3 of Slettebak's paper gives again A2 − A7 iiish, even if the filling-in by emission (Hamann & Persson 1992) is taken into consideration. The very small EW of this line for BN Ori suggests again a type G, but F0 could be possible if the correction for emission fill-in would raise the EW from 0.1 to 0.4Å. For FU Ori the EW of this line is 0.3Å (Shanin 1979) . This could lead to a classification F3 iv. Since FU Ori has strong shell features and high luminosity-class (see next section) its spectral type must be later than A6 − G0 (Slettebak 1986;  Fig. 3 ), unless the emission contribution to the O i (4) IR-triplet is very strong.
High-dispersion spectra
A high-dispersion visual spectrum of BN Ori was obtained on Nov. 21, 1991 with the main stellar spectrograph (MSS) mounted on the 6 m Big Azimuthal Telescope (BTA) of the Special Astrophysical Observatory (SAO) in the Northern Kaukasus. Various parts of this spectrum are given in Fig. 5 and the values of the EWs and FWs of the stronger lines are listed in Table 11 , together with those of HR 5999 determined from the Coudé spectrum G9359 (D = 12.4Å mm −1 , Tjin A Djie et al. 1989), and some qualitative information concerning line strengths from the Coudé spectra of FU Ori (D = 16Å mm −1 , Herbig 1966) .
In this table the identification of the lines with wavelengths longer than 5200Å is tentative, except for the Ba ii (6497Å) and the Li i (6708Å) lines. From the width of several photospheric lines (Mg ii (4), Fe ii (42) and Fe i (43)) we estimate a rotation rate of v sin i = 180 − 230 km s −1 for BN Ori. A similar estimate for HR 5999 gives v sin i ∼135 km s −1 . However, a comparison with the Mg ii (4481Å) line-width with those of rotation standard stars (Slettebak et al. 1975) , taken with the same instruments as used for HR 5999, leads to v sin i = 180 ± 20 km s −1 for this star ). This suggests that the rotation rate of BN Ori is probably somewhat higher, perhaps around 250 km s −1 . For FU Ori Herbig (1966) derived v sin i ≈ 60 km s −1 .
The most important conclusion from the spectrum of BN Ori is that different lines suggest different spectral types for the star: 1. from a comparison of the EWs of the higher terms of the Balmer series with a statistical analysis made by Kopylov (1958) we estimate a spectral type A6 − A7 for stars with low and average luminosity, 2. the strength of many Fe ii and Ti ii lines, usually known as photospheric ones is consistent with spectral types A6 − F0, 3. the strenght of the G-band near 4300Å points to a type F0 − F2 or early G, 4. the EWs of the rather numerous Fe i lines are typical for spectral types F0 to G5, 5. the strength of the Mn i resonance triplet at 4033Å suggests a late G-or early K-type sub-class.
Together with the classifications G0 from the O i (1) IR-triplet and G5 from the Ca ii (2) IR-triplet (Sect. 4.2.2) this variety in spectral type indicates a considerable thermal stratification of the atmosphere of Table 11 BN Ori, which must consist of an A6 − A7 photosphere, surrounded by a rather dense and cooler envelope or disc. Several lines such as Sr ii (4078Å) and the semi-forbidden Ti ii (13) lines near 3760Å are typical shell lines and are probably formed in the low-density outer part of the envelope.
Most of the lines mentioned above are also present in the spectra of FU Ori and HR 5999 which were obtained with comparable resolution. The visual spectrum of FU Ori has been classified as F2p:i − iie (Herbig 1966 ). If we add the classification F6 − G0 from the O i (4) IR-triplet and K0 from the Ca ii (2) IR-triplet we can conclude that also the atmosphere of FU Ori is thermally stratified. Similar to BN Ori the spectrum of FU Ori shows a strong G-band and strong photospheric lines of Ba ii and Li i. However, in contrast with BN Ori, strong components with velocities around −50 km s −1 are present in the spectrum of FU Ori for all lines of Hydrogen and neutral or singly-ionised metals (with exception of the Fe i lines with higher excitation levels). Their presence has led to the qualification peculiar in the spectral classificaton. Because of their difference in velocity with the photospheric lines these components are probably formed in an outer shell region. Since we have no EWs from the visual spectrum of FU Ori, with the exception of Li i, Na i D and Hα (Table 6) , we only give qualitative estimates from Herbig (1966) . With exception of the emission in Ca ii K and Hα, the spectrum did not seem to vary significantly in time between 1945 and 1963.
The visual spectrum of HR 5999 has been classified as A5 − A7 iiie (Bessell & Eggen 1972; Tjin A Djie et al. 1989 ). The classification from the farred spectrum (Sect. 4.2.2) is again A7 iii, which indicates an absense of significant thermal stratification of the envelope of HR 5999. This means that the stratification of the atmosphere as found in BN Ori and FU Ori can not originate from the disc component, because this component is significant in the case of HR 5999 (Sect. 5). We will discuss this further in Sect. 6.
In contrast with FU Ori and BN Ori we do not find a G-band and Li i line in the spectrum of HR 5999, but similar to FU Ori, it has strong blue-shifted (−30 to −50 km s −1 ) components of the Balmer-and metalliclines, which are formed in a cool, dense outer shell . Such an dense cool circumstellar shell does not seem to be present around BN Ori. This is confirmed by the high-resolution observations of the Na i D (Fig. 6) with the CAT at ESO (R = 0.11Å pix −1 ) and the MSS at SAO (R = 0.65Å pix −1 ) and the K i lines (not shown). The observations at ESO show the presence of interstellar components only, with a heliocentric-velocity of +26 km s −1 , which is of the same order as those of other stars in the Orion complex. The interstellar Na i D lines have EWs equal to 0.13Å (D 2 ) and 0.09Å (D 1 ). Since these lines are not saturated, we can use the Strömgren (1948) method, with which we derive an interstellar (foreground) column density for Na i of 1.27 10 12 cm −2 . With the relation between E(B − V ) and Na i D column density of Hobbs (1974) we find for the foreground of BN Ori an E(B − V ) of 0. m 07. From the Na i D lines, observed at SAO in 1991, we obtain the same value. These values are in agreement with those determined for the Orion complex by Walker (1969) . In contrast with the Na i D lines of BN Ori, those of HR 5999 and FU Ori have several velocity-components which are formed in the circumstellar envelope of the star. The velocities measured for HR 5999 are v max ∼−35 km s −1 , and for FU Ori v max ∼−100 km s −1 (Bastian & Mundt 1985; Reipurth 1990 ). The circumstellar origin of the Na i D lines in the spectrum of HR 5999 is clear from the variability of their EWs and the absence of Na i D lines in the spectrum of the common proper motion companion HR 6000 ). Fig. 6 . High-resolution heliocentric-corrected Na i D spectra obtained at ESO in 1994 for BN Ori (top) and HR 5999 (bottom, see also Grady et al. 1996) . The dotted lines indicate the continuum level. The spectrum of HR 5999 was used for the annotation and the difference in radial velocity between the two galactic directions of observation introduces a wavelength-shift in the figure for the spectrum of BN Ori
The K i resonance lines of BN Ori observed at ESO (Jan. 20, 1995) were very weak. The 7699Å line is hardly distinguishable from the noise, while the 7665Å line is in the wing of a rotational line of the telluric A band of O 2 . The lines have a heliocentric-velocity of ∼+20 km s −1 and are of interstellar origin. The EWs of these lines are 8.5 mÅ (± 30%) and ≤ 4 mÅ (± 50%) for the 7665 and 7699Å line, respectively. If the 7665Å line is optically thin we derive with the oscillator strength of the line, a column density of 2.3 10 10 cm −2 . The ratio of the column densities of Na i to K i in the direction of BN Ori is then 54, the same value as for the direction of AB Aur (Felenbok et al. 1983) .
A peculiar feature of BN Ori is the presence of broad, shallow and symmetric components of the Na i D lines, with a FW of about 400 km s −1 . The corresponding v sin i is close to the rotation rate (∼220 km s −1 ) of the photo-sphere of BN Ori, which has T eff = 7150 K. Because of the low ionization potential of Na i (E χ = 5.14 eV), we do not expect to observe these lines from photospheres with T eff > 5500 K. However, the broad components can originate from the atmosphere of the inner part of the accretion-disc, which has a temperature below 5890 K (Table 7) and a v sin i which is close to the photosphericrotation rate. A similar broad component can also be found in the high-resolution profiles of the Na i D lines of HR 5999. However, in this case its width and EW are more difficult to estimate because of the circumstellar emissioncomponent in both Na i D lines. The values for HR 5999 in Table 6 are therefore probably lower limits. The large width of the circumstellar components in the Na i D profiles of FU Ori (Reipurth 1990) does not enable us to detect the presence of such shallow components for this star.
The Hα-profile of BN Ori has been observed by us at three dates in high-resolution: in Nov'91 at the SAO, and twice in Jan'95 at ESO. An additional profile obtained on Nov. 10, 1989 by Fernández et al. (1995) is very similar to the one of Nov'91. The resulting profiles are also similar to those given by Kolotilov & Zajtseva (1976) , but show more details. In order to estimate the chromospheric profile we divided the normalised fluxes in the observed profiles by the corresponding normalised fluxes of the profiles of 21 Vul (A7 − F0 iv, v sin i ∼200 km s −1 ), which has a very weak shell. The profile of 21 Vul was taken from Doazan et al. (1991) and a contribution from the shell to Hα is only expected in the minimum of the profile. After this procedure, the SAO Hα-profile shows a single emission peak with a single, broad absorptionfeature with v ∼−650 km s −1 , which agrees well with the velocities found by Zajtseva & Kolotilov (1973) . One of the ESO Hα-profiles has an almost symmetrical shape, with a relative central part which is almost equal to that of the SAO Hα-profile. The other profile is less strong in its central part and has a depression near +240 km s −1 . The three profiles and their "chromospheric" shapes are shown in Fig. 7 . The shapes are different from those of HR 5999 Baade & Stahl 1989; Praderie et al. 1991) , which show no high-velocity absorption-features. The Hα-emission flux of BN Ori can be derived from Fig. 7 by integration and normalisation with the continuum flux near 6600Å, obtained from the SED with the help of the distance to radius ratio and after correction for extinction (Sects. 2 and 4.3). In this way we find emission fluxes of 1.56 10 5 W m −2 for the observations of Nov. 10, 1989 and Nov. 21, 1991 , and 1.22 10 5 W m −2 for the observations of Jan. 20, and Jan. 17, 1995. In the same way we may derive the Hα emission flux of HR 5999 in its phase of maximum brightness V J = 6. m 8 (Tjin A Djie et al. 1989), which after an estimated correction for the central absorption, results to 2.3 − 3.4 10 6 W m −2 . For V J =7. m 6 it is 5.8 10 6 W m −2 . The flux of HR 5999 is therefore larger than that of BN Ori by a factor which is in the range 22 − 28. The Hα-profiles of FU Ori (Bastian & Mundt 1985; Reipurth 1990 ) have P-Cygni shapes, with a very broad and deep absorption trough. Outflow velocities as high as −350 km s −1 can be estimated from these profiles. The observed profile has been corrected for photospheric contributions with the use of calculated Hα-profiles (Kurucz 1979 ) of a F0 − F2 ib photosphere ( T eff = 7500 K, log g = 2.0). The extinction-corrected surface-flux of the symmetrised Hα-profile is then 3.8 10 5 W m −2 . The Hαemission fluxes are collected in Table 9 .
UV-spectroscopy
Several low-resolution UV-spectra of BN Ori have been obtained with the International Ultraviolet Explorer (IUE) satellite in 1984 and 1986. Details of the observations are given in Table 5 . Before each exposure the brightness of BN Ori was measured by the Fine Error Sensor (FES) of IUE in the Field Camera mode (Barylak 1989) . In all cases the resulting V J magnitude was around 9. m 68, which is close to the results of the ground-based photometry in the periods around the IUE observations (Tables 3  & 12) . The low-resolution UV-spectra of BN Ori, HR 5999 and several other Herbig Ae stars show strong emission lines of O i, C ii, Si iv and C iv (Tjin A Djie et al. 1982; Brown et al. 1986 ) shortward 1600Å. The high intrinsic radiation flux in these lines can probably only be supplied by accretion (Tjin A Djie & Blondel 1997) and it has been possible to derive information on the accretion parameters of A and F stars from the UV-continuum over the full wavelength range (1150 − 3200Å) of IUE (Blondel & Tjin A Djie 1997) . After the choice of a stellar spectral type and luminosity-class and addition of the observed visual magnitude, the distance and the fore-ground colour excess, we have matched the observed UVcontinuum with standard star spectra from the IUE spectral atlasses for the photospheric and boundary-layer components and a optically-thick model for the accretion-disc (UV3C, Blondel & Tjin A Djie 1994 .
The results of the parameter adjustments required for the matching of the low-resolution UV-spectra of BN Ori, HR 5999, BF Ori and FU Ori are collected in Table 7 . The masses of the stars (M ) were estimated from the stellar radii (R derived from the model calculation) and the photospheric T eff (Schmidt-Kaler 1982) with the use of the evolutionary tracks of Palla & Stahler (1993) . With this mass and radius, the width of the boundary layer (δ bl ) and its effective temperature, the corresponding massaccretion rate (Ṁ ) was derived. Since the mass of FU Ori cannot be derived from the evolutionary tracks, we have assumed that its precursor was a 1.0 M T Tauri star. In general the stellar spectral type and luminosity-class appear to be strongly constrained (to 1 or 2 subtypes) by the observed UV-continuum. For BN Ori we estimated a distance of ∼400 pc from the data of Artyukhina (1959) and a foreground E(B −V ) = 0. m 07 from the Na i D interstellar components. Table 7 , and the "W" indicates the Walraven W -band flux ( Table 2) The calculated spectrum and the SED corresponding to the parameters of BN Ori in Table 7 are given in Figs. 8  and 9 . These results show that the UV3C-model gives a good agreement with the observations from the far-UV up to the L-band in the NIR. In general the model (with an optically thick disc up to 40 R ) gives higher values than observed for the fluxes in the K-and L-band. The disagreement could not be reduced by taking the disc (Table 7) , obtained by matching the low-resolution UV-spectrum (Fig. 8) . The K-and L-band fluxes (open star) show the effect of removing the disc contribution in the model-calculation. Circles indicate the extiction-corrected model results optically thin but when we limit the outer radius of the disc to 2.0 − 2.5 R the NIRE almost disappears (Fig. 9 ). This suggest that the disc has been largely dissipated during the outburst of 1947. For the parameters in Table 7 the E(B − V ) is 0. m 12, which with an observed (B − V ) ≈ 0. m 45 corresponds with (B − V ) 0 = 0. m 33. This value is slightly higher then the 0. m 30 for spectral type F0 iii given by Schmidt-Kaler (1982) but not unacceptable as BN Ori may be not exactly F0 iii. Both the small circumstellar colour excess (0. m 05) and the negligeable NIRE indicate that BN Ori has almost no circumstellar dust left. In addition to the continua of the UV-spectra of BN Ori, we have also information on the individual lines from the high-resolution LWP image obtained with IUE. In spite of its long exposure (13 h ) the S/N ratio is very low in the less sensitive part of the LWP camera (shortward 2400Å) but the region longward 2560Å is better exposed. Since the three low resolution UV-spectra of BN Ori show no differences (although they were taken at different times) we assume that the high-resolution spectrum of Nov. 13, 1986 is representative for at least the period Jan'84 − Nov'86. The FES-magnitude (V fes ıue ) during this observation agrees with a simultaneous ground-based photometric observation from DASA. From the comparison of the high-resolution UV-spectra of BN Ori, FU Ori and HR 5999 we can draw the following conclusions:
1. The presence of an extended cool shell around the three stars is revealed by the many low-excitation absorption lines of Fe ii, Cr ii and Mn ii in their UVspectra longward 2300Å. The lines are strongest in the spectra of HR 5999 and the correlation of their EWvariations with the variations in brightness of HR 5999 (Blondel et al. 1989) shows that these lines are formed in the shell of the star. Because of the lower brightness of BN Ori and FU Ori the S/N ratio in their spectra is lower than in the spectrum of HR 5999. In spite of this we can give upper limits for the EWs of the lines in the BN Ori spectrum and rough estimates (±30%) of the EWs of the lines in the FU Ori spectrum. Table 8 , in which the EWs and FWs of the three stars are listed, shows that the EWs and FWs of the BN Ori lines are smaller than those of the corresponding lines in the spectrum of FU Ori, and both are smaller than the EWs and FWs of HR 5999. Since the spectral types of the three stars are not too different we expect that the column densities in the shells will also decrease from HR 5999 through smaller values for FU Ori to almost negligible values for BN Ori. 2. The Mg i resonance line (2852.120Å) of BN Ori has two components: an interstellar one (with EW = 0.21Å) which is displaced by +26.5 km s −1 from its heliocentric position (determined from the Na i D interstellar lines) and a circumstellar one (with EW = 0.09Å) with a velocity of −53 km s −1 with respect to the interstellar one ( Fig. 11 ). Similar to the Na i D lines the continuum in the neighbourhood suggests that there exists a third, broad (FW = ∼400 km s −1 ) and shallow component, centered at the location of the two narrow components. Because of its width this component could be formed either at the stellar photosphere or near the inner accretion-disc. The Mg i line of FU Ori also appears to be double. 3. The Mg ii h (2802.7Å) and Mg ii k (2795.5Å) lines in the high-resolution spectrum of BN Ori have broad absorption-troughs with weak emission-components inside (Fig. 10 ). An accurate determination of the emission-components is difficult because of the presence of a reseau mark at 2795Å and an echelle order overlap between 2798Å and 2801Å. Nevertheless we have made an attempt to derive some information on the shell component by dividing the (normalised) observed fluxes in the Mg ii profiles of BN Ori by the corresponding ones in the profiles of 21 Vul, obtained from the IUE archives (LWR 9037). This star has a spectral type A7 − F0 iv, a v sin i of ∼200 km s −1 and a very weak shell component in the Mg ii profiles. The result is given in Fig. 10 , which shows that the shell component of Mg ii has a P-Cygni profile with outflow-velocities up to −250 km s −1 . We have made a rough estimate of the Mg ii k emission-component (EW ≈ 15Å) by assuming that the intrinsic emission (without the blue absorption trough) is symmetric. With the continuum flux near 2790Å from the low-resolution UV-spectra of BN Ori (2.5 10 −13 erg cm −2 s −1 ), the distance to radius ratio from the UV3C-model (4.35 10 9 ) and the total extinction correction (a flux factor of 2.08) we derive an extinction-free surface flux of 8.8 10 4 W m −2 for the emission-component of the Mg ii k line of BN Ori. In the same way we derive from the corresponding profile of HR 5999 in the phase of maximum visual brightness (Blondel et al. 1989 ) an extinction-free surface flux of 6.45 10 6 W m −2 (V J = 6. m 8) and 1.2 10 7 W m −2 (V J = 7. m 6). The ratio of the Mg ii k emission fluxes of HR 5999 and BN Ori is therefore close to 70 − 140. This is higher than the ratio of the Hα fluxes of the two stars (Sect. 4). The high-resolution Mg ii profiles of FU Ori have been published by Ewald et al. (1986) . The profiles have a P-Cygni shape, but the noise in the neighbouring continuum does not permit to determine an outflow velocity. The extinction-corrected surface flux in the symmetrised Mg ii k emission-profile is 8.6 10 7 erg cm −2 s −1 and the corresponding flux of the Mg ii h emission is 7.1 10 7 erg cm −2 s −1 . This total Mg ii emission flux of FU Ori is close to the value obtained by Ewald et al.
With the use of the observed Mg ii profile of the F0 ib star α Car (Praderie et al. 1980 ), which has a v sin i = 0 kms −1 , we corrected the profile of FU Ori for the photospheric contribution. The extinction-corrected surface-flux of the symmetrised Mg ii k-profile then becomes 1.67 10 6 W m −2 . Table 9 gives a survey of the emission fluxes of the 3 stars. Although the Hα and Mg ii profiles show variations on a short time-scale (∼1. d ) the time variations in the integrated emission fluxes are small. This gives us a justification to use Table 9 in the following discussion, in spite of the fact that the Hα and Mg ii fluxes were not observed simultaneously.
Discussion
The light curve of BN Ori and its spectral type A7 (Cannon 1931) during the first half of the century suggest that in this period BN Ori was a Herbig Ae star with strong brightness-variations due to a variable circumstellar dust extinction. The recent detection of emission from a nearby reflection nebulosity (Sect. 3) and the value of the stellar mass (Sect. 5) supports its previous membership to this class of intermediate-mass pre-main-sequence stars, first introduced by Herbig (1960b) .
Around 1947 the large-scale light curve of BN Ori changed drastically in a way which is similar to the transition in the light curves of classical FUORs. In particular the light curve of BN Ori has much in common with that of the FUOR V1515 Cyg due to its last active epoch of variations in brightness with the further rise typical for FUORs, a delay at the maximum phase and specifically a typical short minimum after the first maximum (Fig. 12) . The sequence and scale of the events in the pre-maximum and post-maximum phases of the BN Ori light curve are also consistent with those of other classical FUORs. The only possible difference with the FUOR light curves is the large amplitude of the variability in the pre-maximum epoch of BN Ori. The light-variation level of the classical FUORs was less in this phase, but for the lack of any reliable information it cannot be argued that the range of brightness-variations in the pre-flare phase of FUORs was small. Therefore, as far as the light curve is concerned, we have every reason to consider BN Ori as an object which is related to FUORs.
The spectroscopic observations of BN Ori, described in Sects. 4 and 5, show that there are also spectral similarities between BN Ori and the classical FUORs, such as FU Ori:
1. The various spectral classifications of BN Ori by successive observers: A7 (Cannon 1931; Hoffmeister 1949; Payne-Gaposhkina 1952) , A6 − A8 (Herbig 1954 (Herbig , 1960a , F0 (Zajtseva 1970 ) and F2 − F3 (Kolotilov & Zajtseva 1976 ) could raise the impression that BN Ori has changed to progressively later spectral types in the course of the years. However, as already suspected by Herbig (1960a) , several spectral types can be present simultaneously in the spectrum of BN Ori. Our spectra (Sect. 4) show a variety of spectral types ranging from A6 − A8 from the higher Balmer terms, A8 − F0 from the Ca ii K line, F0 − F2 from the G-band, F0 − G5 from the Fe i lines, F6 − G0 from the O i (1) IR-triplet G5 from the Ca ii (2) IR-triplet until late-G to early-K from the strength of the Mn i triplet around 4033Å. This suggests that the atmosphere of BN Ori is thermally stratified in the sense that it consists of an A6 − A7 photosphere, surrounded by a cooler envelope. Such a thermal stratification is also a characteristic feature of FUOR atmospheres, e.g. FU Ori has a photosphere of type F2:pi − iie (Herbig 1966) , estimated from the Balmer lines and the low excitation lines of neutral and singly-ionised metals in the visual, an envelope (or disc) of type K from the Ca ii (2) IR-triplet and a type K − M from the CO bands in the NIR part of the spectrum. However, in contrast to the situation for BN Ori and for FU Ori we find only a small range of spectral types, A5 − A7 iii (Bessel & Eggen 1972; Tjin A Djie et al. 1989 ), for the visual and red parts of the spectrum of the Herbig Ae star HR 5999, which suggests a much lower degree of stratification of the atmosphere of this star. 2. Another similarity with classical FUORs is the presence of high-velocity outflow-components in the Hα P-Cygni type profiles: −680 km s −1 for BN Ori and −550 km s −1 for FU Ori. The time-scale of the shape-variability of this profile may be less than 24 h (Kolotilov & Zajtseva 1976) for BN Ori, which is comparable with those observed for FUORs. This suggests that the line is formed in a region of small extension. The large width of the emission-component profile (Fig. 7) indicates that this region is within a distance of 1 R from the stellar surface. Similar to the fast winds from FUORs (Croswell et al. 1987) , the fast outflow from BN Ori is probably driven by strong magnetic fields, originating near the accretion-disc boundary layer (Pringle 1989) . In contrast with this, we find only relatively low-outflow velocity-components in the Hα-profiles of HR 5999: in general ∼−50 km s −1 and occasionally ∼−120 km s −1 (Tjin A Djie et al. 1989) .
The time-scale of the Hα shape-variability for HR 5999 is of the same order as that of BN Ori. The profiles of Mg ii h&k are similar in shape to those of Hα in the three stars. The velocity of the outflow-components in the Mg ii profiles seems to be lower than that in Hα (∼−250 km s −1 for BN Ori) but these values are rather uncertain, due to the low S/N for the neighbouring continuum. Since only one high-resolution UVspectrum has been obtained for BN Ori and two for FU Ori, the time-scales of variability of the Mg ii profiles are unknown. 3. Several prominent photospheric lines in the spectra of FU Ori and the FUOR BBW 76 (Reipurth 1990 ): Li i (6708Å) and Ba ii (6497Å) are also prominently present in the spectrum of BN Ori (Sect. 4.3) with comparable strength. In the spectrum of HR 5999, however, the Li i line is missing.
Besides these similarities between the spectrum of BN Ori and those of the classical FUORs there are also differences:
1. The spectrum of BN Ori is of luminosity-class iiiiv while the FUOR spectra have luminosity-classes iii. 2. The rotation rate v sin i of BN Ori is about 220 km s −1 , which is close to those of several intermediate-mass Herbig Ae stars (v sin i = 180 km s −1 for HR 5999).
In contrast with this, the rotation rates of classical FUORs are in the range of 60 km s −1 (FU Ori) which is more similar to those of their T Tauri precursors. 3. BN Ori has a more extended shell than FU Ori. This is illustrated by the FW distribution over the excitation energies (E χ ) of Tables 6, 11 and 8. If we limit ourselves to the unblended lines of these tables and if we can consider the FWs to be proportional to the v sin i of the regions of formation of these lines we can, assuming a Kepler motion, estimate mean distances of these regions to the stellar surface. The values of M and R needed for this transformation were taken from Table 7 . The distribution of E χ (of the lower-level) versus the mean Kepler distance of the line-forming regions (in R ) is given in Fig. 13 for BN Ori, FU Ori and HR 5999. For comparison the thermal stratification of the FUOR V1057 Cyg is indicated by the dotted line. Welty et al. (1990) showed that this stratification originates from the differential rotation in the disk. Figure 13 demonstrates that outside the stratified envelope there is an extended shell region for BN Ori, FU Ori and HR 5999. This is especially clear from the Fe ii & Cr ii absorption lines (with lower level E χ ≤ 1 eV) which are still formed far away from the star (∼40 R for FU Ori and HR 5999, and >400 R for BN Ori). The difference of the shell extension is illustrated by the least-square fits for BN Ori and HR 5999 in Fig. 13 . The uncertainty for the size of the BN Ori shell is due to the fact that the UVlines are so narrow that the widths may be dominated by Doppler broadening and therefore only give an upper limit to the distances. Although the cool shell of BN Ori extends much further out than those of FU Ori and HR 5999 we note from Table 8 that for each line: EW HR > EW FU > EW BN . As the corresponding column densities follow the same order (BN:FU:HR = 1.0:4.0:8.6), this means that BN Ori has the most diluted shell of these 3 stars. This suggests that if BN Ori had a Herbig Ae star (like HR 5999) as its precursor, the thick shell has been expanded (to the shell remnant now present) as a result of a (FUOR) outburst. This expansion had a cooling influence on the extended Mg ii emission region and less (or no) influence on the Hα emission region which is confined to a region closer to the star. The ratios in Table 9 are consistent with this scenario.
4. FU Ori and HR 5999 have very large excess fluxes in the NIR. These excesses are too large to be accounted for by the contribution of the accretion-discs only and therefore indicate the presence of significant quantities of radiating nearby circumstellar dust. Another indication for this are the large circumstellar colour excesses in Table 7 . In contrast with this we find a very small NIRE and colour excess for BN Ori, which suggests an almost complete absence of circumstellar dust around this star.
After this comparison of the light curves and spectra of BN Ori, FU Ori and HR 5999 we propose the following scenario for the behaviour of BN Ori: The precursor of BN Ori was a Herbig A6 − A7e star, similar to HR 5999 but of somewhat lower mass (comparable with BF Ori) and with a slightly higher rotation rate. Around 1947 a FUOR type outburst occurred in the star-disc system with the result that the envelope around the inner part of the accretion-disc expanded. Except for the part near the star where most of the Hα and Mg ii emission originates, the optically thin (shell) region at the outside of this envelope was expelled together with the outer part (R > 2.0 R ) of the accretion-disc. In the spectrum of FU Ori the shell components of the lines indicate that the shell moves outward with a velocity around −50 km s −1 (Herbig 1966) , but for BN Ori we have no radial-velocity measurements available. Most of the circumstellar dust was probably blown away after the break-up of the outer part of the magnetic field, which confined the dust to the circumstellar region (Il'in & Voshchinnikov 1993) before the outburst. The disappearance of this dust (or the smoothing of its distribution), may explain the levelling-off of the light curve after the outburst. This scenario raises several questions, the most important being whether a FUOR outburst can occur in a Herbig Ae star. Recently Bell et al. (1995) have shown that recurrent FUOR outburst can occur in young stars with disc accretion as a result of a thermal-runaway in the inner part of the accretion-disc when the mass-accretion rate rises above a certain critical value. For 2 − 3 M pre-main-sequence stars, such as the Herbig stars, Bell (1994) predicted that this critical value is around a few times 10 −7 M yr −1 . It may be interesting to note that from matching the low-dispersion UV-spectra of BN Ori, BF Ori and HR 5999 we found mass-accretion rates of 0.18, 3.2 and 5.4 10 −7 M yr −1 respectively. The latter two values are close to the critical value of the mass-accretion rate, while the low rate for BN Ori (compared e.g. with that of FU Ori) may be due to the present lack of supply of inflow from the circumstellar shell region.
If we accept the FUOR character of BN Ori we are faced with the question why BN Ori is different from the classical FUORs. Two main reasons for differences may be proposed: First of all there is the difference in mass and rotation rate between Herbig Ae and T Tauri precursors which could influence the relative violence of the outbursts. The present low accretion rate of BN Ori (corresponding to an optically thin disc) compared to that of FU Ori may permit a more rapid expansion of its outer shell, which could explain the difference mentioned in point 3 discussed above. Secondly, successive outbursts in a recurrent FUOR have differences in their initial conditions and may therefore show differences in their post-flare appearence. Recurrent outbursts in BN Ori would facilitate a gradual exhaustion of the shell supply, as well as the accumulative production of sizable amounts of Li i at the surface of BN Ori, e.g. by spallation reactions induced by high fluxes of energetic protons in the FUOR flares. Tables 6, 11 and 8  Table 11 . Identification and source (S) of lines in the high-resolution visual spectra of BN Ori, HR 5999 and FU Ori. The equivalent widths (EW) in (Å) and full widths at half maximum (FW) in ( km s −1 ) are also given. Identification of the lines has been made with the help of the Tables of Zaidel et al. (1969) and excitation energies (Eχ) have been taken from Wehrse (1974) . See Table 10 
